The methanol extract of Phellodendron amurense bark was shownto have a strong antifeedant activity against Reticulitermes speratus. The extract was sequentially partitioned with hexane, chloroform, ethyl acetate and water, and the activity was observed in both the chloroform and water fractions. The active principles isolated from the chloroform fraction were obacunone and kihadanin A, while those from the water fraction were berberine chloride and palmatine iodide.
It is a strikingly interesting fact that a sutra edited and placed in a small woodenpagoda about one thousand, two hundred years ago in Nara, Japan, was discovered in a wellpreserved state without any damageby insects or microorganisms, although there was no apparent evidence of any special treatment applied to preserve the sutra. Recently, we found that the paper of the sutra was made by adding an extract of Phellodendron amurense (Rutaceae).
P. amurense (called kihada in Japan) is an oriental medicinal plant that is used as an antimalarial and febrifugal agent, and as a dressing for indolent ulcers. Our recent studies led to the finding of another effect of the plant bark: its methanol extract showed potent inhibition of feeding against Reticulitermes speratus (Rhinotermitidae), a serious insect pest of paper and wood.
The methanol extract of P. amurense was 2635 applied to a paper disc of 8mmin diameter. showed that the antifeedant activity was in both the chloroform and water fractions.
The chloroform fraction was chromatographed on a silica gel column using chloroform-methanol as a solvent system and, subsequently, on Sephadex LH-20 using methanol. The fraction which showed the antifeedant activity had two main spots, and both spots gave a positive reaction with Ehrlich reagent on TLC(a dark violet color on silica gel G; chloroform-acetone, 9 : 1), suggesting that they were limonoids. The active fraction was further purified by using a recycling HPLC technique on a gel filtration column (JAIGEL GS-320, methanol). Two main compounds (compoundsI and II) and two minor compounds (compounds III and IV) were obtained in a pure state. Compounds I and III showed strong antifeedant activity, but the latter was less active than the former.
CompoundsII and IV were inactive. absence ofa furan ring in III and IV was confirmed by the negative Ehrlich reaction. The IR absorption at 3410cm"1 in III and at 3425cm"1 in IV suggested the presence of a hydroxyl group. The vinyl proton of 22-H in III, which appeared in a higher field ((56.26) than that ofIV (37.30), was assigned an a position on the lactone carbonyl function, compared with its jS position in IV. Therefore, III and IV were isomers with the positions of the hydroxyl and carbonyl groups interchanged in their modified furan rings.
Tetranortriterpenoids with an oxidatively modified furan ring (III and IV) have been reported by Kondo et ail) However, the two compounds have not been named yet. We suggestthe names ot compounds111 and IV as kihadanin A and B, respectively. The chemical substances in the water fraction showedtwo main yellow spots on TLC (silica gel G), which were developed by benzene-ethyl acetate-ft-propyl alcohol-methanol-ethylamine (8:4:2:
1 : 1). The two spots were colored orange-red when reacted with Dragendorff reagent, and this color reaction suggests that the chemical substances were alkaloids.
They were identified as berberine and palmatine, respectively, from their Rf values and color reactions, and were isolated according to the method of Ikuta et al. 2) and Kakuet al.3) Thus, the water fraction was subsequently partitioned with «-butyl alcohol.
The rc-butyl alcohol layer, which showed antifeedant activity, was chromatographed on a silica gel column using the previous solvent system to give fractions A and B. Fraction A was dissolved in water, and the addition of 1 n hydrochloric acid gave a precipitate of compound V. On the other hand, fraction B contained compound VI, which was precipitated by adding 7.5% hydriodic acid. Compounds V and VI showed antifeedant activity; they were respectively identified as berberine chloride and palmatine iodide by their spectroscopic properties and by direct comparisons with Fig. 3 . Structures of the CompoundsIsolated from P. amurense. Of the six compounds isolated, four were limonoids and two were alkaloids, and they were assayed for the presence of antifeedant activity against termite nymphs. Four of the compoundstested in a range of dosages from lOOjUg to 1200fig per disc showed antifeedant activity, as shown in Table I . Obacunone (I) was the strongest, followed by berberine chloride (V), palmatine iodide (VI) and kihadanin A (III).
Limonin (II) and kihadanin B (IV) were inactive even at 1200/ig per disc.
Kihadanin A (III) and B (IV) were y-hydroxyl- Bioassay. Anest of Reticulitermes speratus was collected at Yokkaichi city in Mie prefecture, and its nymphs were used in the bioassay. The methanol solution of a test sample of a given concentration was applied to a paper disc (Toyoseisakusho Co., Ltd.; 8 mmdiameter paper disc thin), which had been previously dyed with edible green pigment and allowed to dry. This paper disc was placed in a plastic petri dish (35mmin diameter) with a layer of sea sand at the bottom. The sea sand was moistened by dropping water. Ten termite nymphs were used for the bioassay of each sample (except for the preliminary test, in which only two termites were used) and each concentration was replicated three times. The growth rate, percentage survival and color intensity of the insect alimentary canal were comparedwith those of a control treatment. As shown in Fig. 2 , the methanol extract of P.
amurense (600 /ug per paper disc) showed strong antifeedant activity.
Extraction andfractionation ofP. amurense bark. The bark of P. amurense was obtained from the botanical garden of Kyoto Pharmaceutical University in Kyoto and dried at room temperature. The dried bark was chipped (500 g) and extracted with methanol, the extract obtained after evaporating under reduced pressure being 63.5g.
This extract was dissolved in water (1500ml), and sequentially partitioned with hexane (1500ml), chloroform (900mix2) and ethyl acetate (900mix2). The hexane, chloroform, ethyl acetate and water layers were then concentrated in vacuo. The yields were 7.9, 6.4, 0.64 and 41.8 g for the hexane, chloroform, ethyl acetate and water fractions, respectively. A bioassay showed that the activity was in the chloroform and water fractions.
Isolation oflimonoids {compounds I, II, III and IV). The chloroform fraction (1.0g) was chromatographed on a silica gel column (Fuji-Davison Chemical BW-300, 100 g), using a chloroform-methanol (20 : 1) solvent system, and then on Sephadex LH-20 using methanol. The limonoid fraction thus obtained was further purified by using a recycling HPLCon a gel filtration column (JAIGEL GS-320, methanol), and compounds I (15mg), II (34mg), III (3mg) and IV (2mg) were isolated.
Isolation of isoquinoline alkaloids {berberine chloride and palmatine iodide). The water fraction (10 g) was dissolved in water (300ml) and partitioned with «-butyl alcohol (250mlx3).
When the «-butyl alcohol layer had been reduced to 60 ml by evaporation, a precipitate was formed. 
